INTRODUCTION
absorption of flavan-3-ol monomers 18 and flavonol glycosides 19, 20 from black tea, with or without 59 added milk which appeared to have relatively little effect. To date, there is one report on the 60 absorption of trace amounts of theaflavins by humans equivalent to 0.001% of intake. 21 More 61 recently, two studies have shown the importance of the colonic microbiota in the metabolism of 62 theaflavins by both mice and humans. 22 , 23 The present study investigated metabolites and colonic 63 catabolites excreted in urine after ingestion of 1 g of a theaflavin extract by two healthy volunteers.
64
In addition, the theaflavin extract was incubated under anaerobic conditions with fresh human fecal 
114
Processing of Urine. Urine samples were prepared as follows: 4 mL of urine was added to 2 mL 115 of 1% aqueous formic acid containing 2.8 µg of ethyl gallate as an internal standard. 4 mL of urine 116 was added to 2 mL of 1% aqueous formic acid containing 2.8 µg of ethyl gallate as an internal 
124
(two female and one male, different individuals to those who participated in the feeding study), who
125
had not consumed antibiotics for at least 3 months before the study. The volunteers followed a
126
(poly)phenol-low diet for 48 h before fecal sample collection. The collection of the fecal samples and 127 the preparation of the fecal slurries was carried out according to Roowi et al. 25 
128
Fermentation Medium and fecal incubation. Fermentation medium was prepared according 129 to Roowi et al. 25 The fecal incubation used procedures described by Pereira-Caro et al. 26 The 
154
were used: (i) capillary temperature was 300 °C, the heater temperature was 150 °C, the sheath gas 155 was 60 units, the auxiliary gas was 20 units, and the spray voltage was 4.0 kv for the analysis of 156 theaflavins; (ii) the capillary temperature was 275 °C, the heater temperature was 150 °C, the sheath 
199
The four flavan-3-ols monomers (Table 1) were following ingestion, in part, be excreted in (Table 3) . Unlike the SREMs and 5C-RFMs, many of these compounds are produced in the 215 body by pathways unrelated to (poly)phenol intake 2 . Hence, in order to assess the impact of 216 theaflavin consumption, the quantitative data in Table 3 
226
The main increase was in the excretion of hydroxybenzene derivatives (Table 3 ). Many of these 227 compounds have previously been detected in urine after ingestion of black tea [30] [31] [32] [33] . In total the 228 increased excretion of the 21 catabolites was 955 ± 376 μmol equivalent to 94% of the 1014 μmol 229 intake of polyphenolic compounds (Table 3) (Table 4) giving an average value of 6.7 ± 0.4 µmol, corresponding to a 67% recovery.
242
The quantities of phenolic catabolites formed during the incubation of the theaflavin extract 243 with the fecal samples are also presented in Table 5 . The values are corrected for baseline levels of (Table 5 ). These four 5C-RFMs are known colonic degradation products of flavan-3-ols 258 monomers and possibly to some extent the procyanidin dimer 28 ,29 a small quantity of which was 259 present in the theaflavin extract (Table 1) .
260
Although a preliminary study because of the limited number of volunteers involved, this 261 detailed investigation none-the-less provided much novel information on the fate of black tea 262 theaflavins following ingestion. Mulder et al. 21 previously reported the presence of trace amounts of 263 theaflavins in plasma and urine, corresponding to 0.0006% of intake after the ingestion of a 700 mg 264 mixture of theaflavins by two volunteers. Although quantities will vary from tea to tea depending mainly upon the tea leaves and the degree to which they were fermented, based on the data of Del 266 Rio et al. 3 this is also equivalent to ~10 cups of tea. In the present study, after ingestion of a 1 g 267 supplement containing 998 µmol of a mixture of theaflavins (Table 1) , also equivalent to ~10 cups of 268 tea, no theaflavins were detected in urine. The HPLC-HRMS limit of detection for theaflavin 269 reference compounds was 0.3 ng. Taking into account that the urine samples were concentrated 270 20-fold prior to analysis using Strata X solid phase extraction cartridges, total urinary theaflavin 271 excretion 0-30 h after intake was <6 ng, representing <0.000001 % of intake. These results confirm, 272 using much higher doses, the findings of Henning et al. 34 who reported an absence of theaflavins in 273 urine and prostate tissue from men who consumed six cups of black tea daily for a period of 3-8 274 weeks.
275
The evidence, therefore, indicates that black tea theaflavins have poor systemic bioavailability.
276
During passage along the GI tract, substantial amounts will reach the colon where they will be 277 subject to the action of the resident microbiota, potentially resulting in the formation of low 278 molecular weight degradation products. In keeping with this possibility, after ingestion of the 279 theaflavin extract in the current study, increased amounts of phenolic catabolites, 964 µmol, were 280 detected in 0-30 h urine, corresponding to 94% of the 1014 µmol intake of polyphenols which was 281 composed predominantly, of 988 µmol, of theaflavins (Table 3) . However, it does not necessarily 282 follow that this is the result of an extensive breakdown of the basic theaflavin ring structure. Most of 283 the increased excretion of phenolics was due to enhanced quantities of hydroxybenzene derivatives,
284
in particular 625 µmol of pyrogallol-1-sulfate 26 and pyrogallol-2-sulfate 27 (Table 3 ). These (poly)phenolics and related compounds, 2 these studies unlike the current investigation, were unable 294 to identify catabolites arising from theaflavins.
295
Evidence for the stability of theaflavins in the lower gastrointestinal tract was obtained from 
305
There is a report of an increase in urinary excretion of hippuric acid 37 after black tea 306 consumption by habitual tea drinkers. 35 However, this increase is unlikely to be a consequence of 
324
Urinary excretion suggests that the limited degradation of theaflavin 5 appears to be linked to a 325 plethora of minor products the major component of which is 3-(4′-hydroxyphenyl)propionic acid 10.
326
Its formation would appear to involve mammalian as well as bacterial enzymes as it was not produced 327 by the fecal incubates although small amounts of 3-(3′,4′-dihydroxyphenyl)propionic acid 32 did 328 accumulate (Table 5) 
336
The data obtained in the present study suggest that beneficial effects associated with 337 theaflavins arising from consumption of black tea would, most likely, be derived from their 
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ABBREVIATIONS USED
HPLC-HRMS: high-performance liquid chromatography-high resolution mass spectrometry; TNF, tumour necrosis factor; IL, interleukin; oxygen-free nitrogen, ONF. Table S1 . HPLC-HRMS-based identifications of structurally-related epicatechin metabolites (SREMs), and the 5 carbon side chain ring fission metabolites (5C-RFMs) phenyl-γ-valerolactones and phenyl-γ-hydroxyvaleric acids in human urine collected 0-30 h after theaflavin consumption and after in vitro fecal fermentation of the theaflavin extract. Table S2 . HPLC-HRMS-based identifications of phenolic catabolites in human urine collected 0-30 h after theaflavin consumption and in fecal samples after in vitro fermentation of the theaflavin extract.
SUPPORTING INFORMATION
This material is available free of charge via the Internet at http:pubs.acs.org. 
Total polyphenol intake 1014
a Standard error < 5% in all instances (n =3) 
